Fragmentation of DNA is the first and very important step in preparing nucleic acids for NGS. 22 Here we report a novel Fragmentation Through Polymerization (FTP) technique, which is simple, 23 robust and low-cost enzymatic method of fragmentation. This method generates double-stranded 24 DNA fragments that are suitable for the direct use in NGS library construction, and allows to 25 eliminate the need of an additional step of reparation of DNA ends. 26 27 100 and four NGS libraries from four different samples of FTP-digested gDNA. NGS libraries were 101 generated using NEBNext Ultra II DNA Library Prep kit (New England Biolabs, Inc.) according to 102 the manufacturer's instruction. The conventional procedure for Fragmentase digested DNA 103 included: repair of DNA ends with "NEBNext Ultra II End Prep Enzyme Mix", addition of adapters 104 to the DNA fragments by "NEBNext Ultra II Ligation Master Mix" and amplification of the 105 adaptor-ligated DNA fragments with "NEBNext Ultra II Q5 Master Mix". Input amount of each 106 DNA sample was 200 ng. The library indexing and amplification were performed for 5 PCR cycles 107 as described in the kit's manual. 5 108 NGS libraries from FTP digested gDNA were constructed by NEBNext Ultra II DNA Library 109 Prep Kit procedure, but with the exception of DNA end reparation stage. 110 After the amplification stage, all libraries were quantified with Quant-iT PicoGreen dsDNA 111 Assay Kit (Molecular Probes, Inc., Eugene, OR, USA), pooled (500 ng of each) and purified with 112 AMPure XP beads. 113 114
Introduction
Next Generation Sequencing (NGS) has become one of the major and widely used techniques 29 in genomic research and genetic diagnostics. Fragmentation of DNA is the first main step in 30 preparing sequencing library for NGS. The well-known NGS technologies, like Illumina or Ion 31 Torrent, generate a plethora of reads with lengths under 600 -1000 bases. The quality of NGS is 32 largely dependent on the quality of the DNA fragmentation, thus making this step utterly critical in 33 the process of library construction. 34 There are three main approaches to shorten long DNA for the library preparation: physical (by 35 using acoustic sonication or by hydrodynamic shearing), enzymatic (based on the usage of 36 endonucleases or Transposase) and chemical shearing (utilizing hydrolyze of DNA at heating with 37 divalent metal cations) [1, 2] . 38 Acoustic shearing with Covaris ultrasonicators (Covaris, Woburn, MA, USA) is currently the 39 gold standard for fragmentation at random nucleotide locations for a NGS library construction, but 40 it requires a significant upfront capital investment and can be financially inaccessible for many 41 [4] . Fragmentase contains two enzymes: one randomly nicks dsDNA and the other 47 cuts the strand opposite to the nicks [2]. 48 DNA fragments obtained by physical fragmentation or by Fragmentase method require a 49 reparation of DNA ends for the following ligation with adapters during NGS library construction [1, 50 2]. To reduce a reparation stage and improve a protocol of NGS library generation , we have 51 developed a new enzymatic method for DNA fragmentation: Fragmentation Through 3 52 Polymerization (FTP). Our FTP method is based on the use of two enzymes: non-specific 53 endonuclease, which randomly nicks dsDNA (DNase I) and thermostable DNA polymerase with 54 strong strand-displacement activity (SD DNA polymerase [5] ). At the first stage of FTP DNase I 55 introduces nicks into dsDNA, and at the second stage SD polymerase elongates 3'-ends of the nicks 56 in a strand-displacement manner. As a result, FTP generates a number of double-stranded DNA 57 fragments ( Fig. 1 ) that are suitable for direct ligation with adapters (without a reparation of the 58 ends). 99 We prepared four NGS libraries from four different samples of Fragmentase-digested gDNA 6 134 double-stranded DNA fragments with overlapping sequences are generated. The general overview 135 of FTP method is outlined in Figure 1 . 136 We carried out FTP in one-tube format as described in the "Materials and methods". Figure 2 . As it is seen, a cooperative work of DNase I and SD polymerase is required for the perfect 153 DNA fragmentation (Fig. 2, lanes 4, 5) . Fragmentase and other methods of fragmentation (with the exception of Illumina's Nextera 161 tagmentation) generate DNA fragments by introducing nicks and counter nicks in DNA strands that 162 disassociate at 8-12 nucleotides downstream or upstream from the nick site. Thus, the generated 163 fragments need a repair of DNA ends for the following NGS library construction [1, 2] . Unlike in 164 other methods, in FTP the DNA fragments are separated by strand-displacement DNA 165 polymerization and not by counter nicks (Fig. 2 demonstrates that SD polymerase is required for the 166 fragment disassociation). As a result of FTP, double-stranded DNA fragments have ends that are 167 suitable for direct NGS library construction and an additional step of DNA ends reparation is no 168 longer necessary. Another four libraries were prepared using the same NEBNext kit, but the DNA samples for 177 these libraries were generated by FTP method, without the stage of DNA reparation. It is worth 178 noting that when the DNA fragments are obtained by physical fragmentation or by Fragmentase 179 method, the reparation of the DNA ends is required for the library construction [1, 2] . The FTP 180 method does not require this step, therefore, the procedure of NGS library preparation is more 181 simple. 182 The DNA amount in each library was quantified with Quant-iT PicoGreen dsDNA Assay Kit. 9 213 sequences were calculated as a rate of unmappable reads. A large fraction of these reads reduces the 214 efficiency and the apparent coverage of the genome sequencing. The rate of indels was estimated as 215 the average number of single nucleotide insertions or deletions per 100,000 aligned bases, and the 216 rate of mismatches as the average number of mismatches per 100,000 aligned bases. The resulting 217 average data of NGS analysis are shown in Table 1 . The statistics for Fragmentase and FTP NGS 218 libraries were calculated from the data of the four independent libraries for the each fragmentation 219 method. The detailed data for each NGS library are shown in Supporting information (S1 Table) . 220 The obtained characteristics were about the same for the assembled sequences from the libraries 221 generated by different methods (Table 1) . The mean NGS statistics per library were calculated from the data of the four indepanded libraries for the each method. All metrics were obtained 226 for different depths of E.coli BL21 genome sequencing. We found no significant differences between Fragmentase and FTP generated NGS libraries.
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In summary, the Fragmentation Through Polymerization is a novel, robust and simple method 249 of DNA fragmentation, which is suitable for NGS. It simplifies the procedure and reduces the price 250 of NGS library preparation by eliminating the DNA end-repair stage from the protocol. Thus, the 251 FTP method can become a helpful tool for NGS. 
